Employing iPrMgCl as an advanced base instead of lithium hexamethyldisilazane (LHMDS) resulted in dramatic improvements in aza-Claisen rearrangement. This advance is considered responsible for the increased bulkiness of the alkoxide moiety (including magnesium cation and ligands), followed by a resultant conformational change of the transition state. To support this hypothesis, various substrates of aza-Claisen rearrangement were prepared and screened. In addition, a molecular dynamic simulation study was performed to investigate and compare the structural stability of reaction intermediates.
Introduction
Azacycles, nitrogen containing cyclic molecules, has important biological activity and synthetic utility [1] . Various conversions of azacycle skeletons have contributed to the construction of alkaloid frameworks and the development of important synthetic methodologies (the aza-Cope rearrangement [2] , transannulation [3] , Diels-Alder cycloaddition [4] , and so on [5] ). However, their synthetic applications require further development to improve chemical yields, handling, and substrate generality. Aza-Claisen rearrangement (ACR) is one of these methodologies [6] . The [3, 3] -sigmatropic rearrangement of nitrogen containing a diene moiety serves as a robust platform to introduce various alkaloid skeletons into natural products or active pharmaceutical ingredients (APIs) [7] . More importantly, with ACR employed, chiral communication and induction of remote stereogenic centers were also reported in a highly selective manner [8, 9] (Figure 1 ). However, this type of rearrangement also requires harsh reaction conditions and at times results in low yields [10] .
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Results
To prove the efficiency of the cation-dependent ACR, large amounts of substrate were pursued in a short time. In addition, cyclic ACR substrate was favored over acyclic because the ACR of cyclic substrates proceeds with fewer entropic/geometric issues [12] . Commercially available methyl pipecolinate 1 was subjected to the sequential Schotten-Baumann amidation [14] to create amide 2, which was converted to aldehyde 3 via diisobuylaluminum hydride (DIBAL) reduction. Finally, Wittig methylenation afforded allyl amide 4 an excellent yield, as depicted in Scheme 1. Inspired by this base-dependent ACR, we tried to apply this methodology to a more general substrate. It was expected that controlling an amide enolate conformation's equilibrium through various enolate moieties, including metal cations and ligands, would mitigate the undesired side reaction in accelerated ACR processes. Based on this hypothesis, a simple ACR substrate was designed to screen bases.
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However, in the case of magnesium enolate from amide 17, the structural stability of both conformations showed similar fluctuation patterns ( Figure 6A ). The most common dihedral angles (i.e., conformation) of 16-C were 110° ( Figure 6A and 6B) , while those of 17-D were -110° ( Figure 6A and 6C). The instability of undesired conformer 17-D would explain the rapid conversion of desired conformer 17-C in the corresponding ACR product. 
Materials and Methods

General Information
Unless noted otherwise, all starting materials and reagents were obtained from commercial suppliers and were used without further purification. Tetrahydrofuran was distilled from sodium benzophenone ketyl. Dichloromethane was freshly distilled from calcium hydride. All solvents used for routine isolation of products and chromatography were reagent grade. Air-and moisturesensitive reactions were performed under argon atmosphere. Flash column chromatography was performed using silica gel 60 (230-400 mesh, Merck, Darmstadt, Germany) with the indicated solvents. Thin-layer chromatography was performed using 0.25 mm silica gel plates (Merck). 1 H-NMR data were reported in the order of chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet and/or multiple resonance), number of protons, and coupling constant in hertz (Hz).
Methyl 1-butyrylpiperidine-2-carboxylate (2)
To a solution of methyl pipecolinate hydrochloride 1 (3.9 g, 22 mmol) in THF (40 mL), a solution of Na2CO3 (11 g, 110 mmol) in H2O was added at 0 °C. After addition of n-butyryl chloride (2.7 mL, 26 mmol) at 0 °C, the reaction mixture was stirred for 24 h. After filtration of insoluble solids, reaction mixture was extracted EtOAc twice. Organic layers were dried over MgSO4, filtered, evaporated, and purified by column chromatography on silica gel (EtOAc:n-hexane = 1:1) to afford methyl ester 2 (4. 
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General Information
Unless noted otherwise, all starting materials and reagents were obtained from commercial suppliers and were used without further purification. Tetrahydrofuran was distilled from sodium benzophenone ketyl. Dichloromethane was freshly distilled from calcium hydride. All solvents used for routine isolation of products and chromatography were reagent grade. Air-and moisture-sensitive reactions were performed under argon atmosphere. Flash column chromatography was performed using silica gel 60 (230-400 mesh, Merck, Darmstadt, Germany) with the indicated solvents. Thin-layer chromatography was performed using 0.25 mm silica gel plates (Merck). 1 H-NMR data were reported in the order of chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet and/or multiple resonance), number of protons, and coupling constant in hertz ( Hz).
Methyl 1-butyrylpiperidine-2-carboxylate (2)
To a solution of methyl pipecolinate hydrochloride 1 (3.9 g, 22 mmol) in THF (40 mL), a solution of Na 2 CO 3 (11 g, 110 mmol) in H 2 O was added at 0 • C. After addition of n-butyryl chloride (2.7 mL, 26 mmol) at 0 • C, the reaction mixture was stirred for 24 h. After filtration of insoluble solids, reaction mixture was extracted EtOAc twice. Organic layers were dried over MgSO 4 , filtered, evaporated, and purified by column chromatography on silica gel (EtOAc:n-hexane = 1:1) to afford methyl ester 2 To a solution of unsaturated ester 6 (2.9 g, 10 mmol) in THF (20 mL), DIBAL (1.0 M in toluene, 22 mL, 22 mmol) was added at 0 • C and stirred for 30 min. 15% sodium potassium tartrate solution was added to reaction mixture and stirred for 5 h at room temperature. Reaction mixture was extracted EtOAc twice. Organic layers were dried over MgSO 4 , filtered, evaporated and purified by column chromatography on silica gel (EtOAc:n-hexane = 1:1) to afford primary alcohol 7 8, 63.3, 62.9, 53.6, 48.6, 41.7, 37.2, 35.5, 35.1, 30.3, 28.8, 26.3, 25.8, 25.3, 19.5, 18.8, 18.2, 13.9 ; LRMS (FAB) m/z 326 (M + H + ); HRMS (FAB) calcd for C 18 To a solution of TBDPS ether 8 (1.0 g, 2.1 mmol) in CH 2 Cl 2 (10 mL), trifluoroacetic acid (5 mL) was added and stirred for 1 h. After addition of aq. Na 2 CO 3 , reaction mixture was extracted with CH 2 Cl 2 . Organic layers were dried over MgSO 4 , filtered, evaporated, and dissolved in CH 2 Cl 2 (20 mL). To this solution, 3-phenylpropionic acid (0.5 g, 3.6 mmol), EDCI (0.7 g, 3.6 mmol) and DMAP (0.9 g, 7.2 mmol) were added and stirred for 12 h. Reaction mixture was quenched with aq. NH 4 Cl and extracted with CH 2 Cl 2 . Organic layers were dried over MgSO 4 , filtered, evaporated, and purified by column chromatography on silica gel (EtOAc:n-hexane = 1:5) to afford amide 14 (0.9 g, 83% for 2 steps) as a pale yellow oil. 1 (15) To a solution of alcohol 7 (690 mg, 3.2 mmol) in THF (15 mL), TBAI (120 mg, 0.32 mmol), NaH (60% mineral oil, 150 mg, 3.7 mmol) and benzyl bromide (0.42 mL, 3.5 mmol) were added at 0 • C and stirred for 12 h at room temperature. After addition of H 2 O, reaction mixture was extracted with EtOAc twice. Organic layers were dried over MgSO 4 , filtered, evaporated and purified by column chromatography 3.1.27. 2-Ethyl-N-(4-methoxybenzyl)-3-methylpent-4-enamide (21') To a solution of crotyl amide 21 (44 mg, 0.18 mmol) in toluene (2 mL), iPrMgCl (2.0 M in THF, 0.18 mL, 0.36 mmol) was added at reflux condition. After stirring at same temperature for 12 h, additional iPrMgCl (2.0 M in THF, 0.18 mL, 0.36 mmol) was added at same temperature. Reaction mixture was refluxed 5 h and cooled down to room temperature and quenched with brine and extracted with EtOAc. Organic layers were dried over MgSO 4 
Molecular Dynamics Simulations
In order to investigate and compare the structural stability of the reaction intermediate of the compounds, MD simulations were performed for 10 ns with GROMACS 5.1.5 using optimized potentials for liquid simulations-all-atom (OPLS-AA) [19] . The OPLS-AA force field was utilized to explain the interactions that involved lithium. Our ligand topology for the OPLS-AA force field was generated from the LigParGen server [20] . We have modified the parameter file for the oxygen-metal interaction since the original OPLS-AA force field did not provide it. The systems were solvated in the dodecahedron water box with tip3p water model, and then neutralized with the counter ions [21] . Each solvated system was energy minimized through steepest descent algorithm at 10,000 steps and maximum force lower than 1000 kJ/mol. In two equilibration steps, firstly the equilibration of each system was subjected to number of particles, volume, and temperature (NVT) equilibration at 100 ps at 300 K using Berendsen thermostat algorithm [22] . Secondly, the equilibration of each system was conducted using number of particles, pressure, and temperature (NPT) equilibration for 100 ps of 1 bar using the Parrinello-Rahman barostat [23] . The Linear Constraint Solver for Molecular Simulations (LINCS) algorithm [24] was used to restrain bond and heavy atom bonds. The settle algorithm [25] was utilized to restrict the geometry of water molecules. We calculated the long-range electrostatic interaction and a cut-off distance of 1.2 nm using the Particle Mesh Ewald (PME) algorithm [26] . MD simulations were conducted for 10 ns, saving the coordinate data for every 5 ps.
Conclusions
iPrMgCl is an advanced base of ACR. In addition, it is superior to the classic LHMDS/toluene condition when the sterically demanded substrate is subjected to ACR. The improvement of the aspect of reactions is derived from the relative stability of the desired conformation for ACR. MD simulations were carried out to investigate the structural stability of the reaction intermediates. The results of C-C-C-O dihedral angle analysis clearly showed that the structural stability of the intermediates was highly related to the portion of the product in the reaction. More detailed mechanistic investigations using other substrates, as well as their applications to the synthesis of bioactive molecules or natural products, will be discussed in due course. 
